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DISCUSSION ON " T H E EFFECT OF HIGH CONTINUOUS VOLTAGES 
ON AIR, OIL AND SOLID INSULATIONS" ( P E E K ) , CLEVELAND, 
OHIO, JUNE 29, 1916. ( S E E PROCEEDINGS FOR JUNE, 1916). 

(Subject to final revision for the Transactions,) 
John B. Whitehead: We have again to acknowledge our 

debt to Mr. Peek for a most valuable contribution to our knowl
edge of the electric strength of air, and now also that of liquid 
and solid insulation. 

Referring to Mr. Peek's observations on the comparison of 
alternating and continuous voltage at which corona appears, 
I have recently been conducting, in conjunction with Mr. W. S. 
Brown, a series of similar experiments. The results of these 
experiments show some variation from those obtained by Mr. 
Peek. 

The expressions for the critical corona voltage in terms of 
the diameter of the conductor, as given by Mr. Peek 
and as given in my several papers on "The Electric Strength 
of Air,'' differ somewhat but not widely. Experiments by Farwell 
and others on corona forming continuous potentials differ as 
between positive and negative potentials, and reveal some 
question as to whether there is any agreement between alter
nating and continuous corona potentials. In view of these dif
ferences our experiments have aimed to take alternating and 
continuous observations on the same apparatus, under the same 
conditions and with the electroscope and such other precautions 
as to measurement as would insure accurate results. The method 
used for obtaining d-c. potential is the same as that shown by 
Mr. Peek in the lower half of Fig. 1. That is, we have 
used a kenotron with one side of the circuit grounded. Our 
experiments have differed, however, in the method of measuring 
the continuous voltage. For this we have used a standard 
d-c. Weston voltmeter, with series-connected, non-inductive-
resistance aggregating à million and a half ohms. Mr. Peek, 
apparently has depended on the ratio of transformation of his 
high-tension transformer as an indication of his d-c. voltage. 
For our alternating voltages we have used the ratio of trans
formation of the transformer together with careful oscillo-
grams on the low-tension side for determining the maximum 
values. 

Our results show a marked difference between positive and 
negative corona voltages for a range of wires between 0.07 and 
0.23 cm. diameter. When the wire is negative the corona forming 
voltage within this range varies from 6 per cent to about 2\ 
per cent higher than positive. Mr. Peek states, as shown by 
Table II that within the corresponding range and in
deed throughout the entire range of his observations, there is 
no difference between positive and negative corona forming 
voltage. 

Mr. Peek, as usual, has contributed a most interesting paper. 
In my opinion the value of it would be greatly enhanced if it 
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contained a better description as to the conditions of accuracy 
under which the observations were taken. For example, a static 
voltmeter seems to have been relied on for the continuous 

. voltage measurements. My experience with this type of instru
ment leads me to feel that it is far from accurate. One would 
also like to know the general conditions under which the maxi
mum value of the alternating voltage was determined on the 
low voltage side and how often throughout the range of voltage 
used. No statement is made as to how closely any of the obser
vations may be repeated. In connection with the puncture 
tests on solid insulation it would be particularly interesting if 
Mr. Peek has been able to secure uniform results with repeated 
observations of the puncture tests on single sheets of material. 

One must always envy the exceptional facilities which Mr. 
Peek is able to bring to bear on his experimental problems. 
A uniform source of continuous potential up to 150 kv. offers 
promise of many valuable observations. 

William Baum: Whenever the subject of high continuous 
voltages has come up in the past in the engineering societies 
it was admitted with regret that we had no definite data on d-c. 
corona and puncture voltages. We know now with certainty 
that the d-c. puncture voltage is 2.5 times the a-c. maximum 
puncture voltage, or 3.5 times the a-c. effective voltages for 
an insulation thickness of 1.2 mm. where the time of test is a 
maximum. 

This brings back to my mind the old claim of Mr. Thury 
and his followers that an effective alternating pressure of 10,000 
volts imposes on insulation a stress of the same order of magni
tude as a d-c. pressure of 25,000 volts. 

It appears now that Mr. Thury was right when he claimed 
that d-c. cables require less insulation than a-c. cables designed 
for the same voltage, so that if d-c. voltage has advantage of 
lower disruptive effects, as Mr. Peek has shown for normal 
operating conditions, this would make the application of high-
tension d-c. current for transmission purposes more favorable. 
Indeed the Thury system, although it has met with some 
criticism in this country, has further advantages which, I believe, 
have never been pointed out sufficiently until the present time. 

Without wanting to go into the details of the high-tension 
d-c. system for transmission, I take this opportunity of calling 
attention to the multi-circuit feature which makes a constant 
d-c. system especially efficient for inter-connecting a number of 
stations, systems or net-works for the transfer of power. One 
of the most important applications would be that to long dis
tance railroading, as transcontinental lines, by inter-connecting 
by such a series system the substations in the railroad, and all 
available sources of power near the railroad. 

Mr. Peek has suggested the testing of cables by direct current, 
and I agree with him that faults in cables installed could be 
found just as easy or easier with direct current than with alter-
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nating current. Anybody who has had to do with cable testing 
in installations appreciates the independence of the source of 
electric power which would exist if we could make use of the 
kenotron rectifier described in the paper in connection with a 
small transportable gasoline-electric set, or similar high-tension 
direct-current rectifiers which have been in use abroad for a 
number of years, and which are known as the Geoffroy & Delore 
and Delon apparatus. In fact, the Siemens-Schuckert works 
have made puncture tests with their Delon rectifier which check 
very close with Mr. Peek's own exhaustive and defined experi
ments. 

I believe that Mr. Peek should continue his investigations 
and extend them over long lines of cables which have been 
installed, so that no doubt may arise in the minds of those who 
question the applicability of high-tension direct current; for 
testing, purposes and transmission systems. 

Stanley Farwell: I can remember when I was working on 
corona that I went to Mr. Peek's papers and Dr. Whitehead's 
papers and used them more or less as text-books. My work has 
been entirely with direct-current corona, and on that account 
I am unable to make any comparison between that and the 
alternating-current corona. In my work it did seem to me that 
the d-c. corona lends itself better, perhaps, to the study of the 
physical nature of corona than does the alternating current. 

In the work I did, I started out to do certain definite things, 
but I found as I went along, the things I started to do got further 
and further from me, because I ran into so many new things 
that apparently had not been explained. I went to one of the 
best physicists I knew and got him to try to help me out on 
the physical explanation of the formulas such as are given 
in Mr. Peek's papers and Dr. Whitehead's papers and my own. 
I found, after a while, that we got up against a stone wall. 

At the University of Illinois, they are now working on some 
further ex'periments, and are taking different gases, trying to 
study them, and get some knowledge of the physical laws under
lying corona. I used air entirely, and I found that when working 
with parallel cylinders, the change in the composition of the air, 
due to corona, seemed to cut quite a figure. We are now trying 
to get away from that by using simple gases. 

C. E. Skinner: All of us who have had to do with insulation 
and insulation testing have many times wished we had available 
direct current so that we could get away from some of the com
plications which constantly beset us in the testing of insulation 
with alternating current. We have variables enough without 
the extras that come in due to the variations from frequency,· 
wave form and things of that kind. Insulations are about the 
most difficult things to investigate, because of the fact that there 
are such an enormous number of variables coming in to mask 
results. 

Our own work has been more along the line of the measuring 
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of the losses at high voltages. The condition we have to meet in 
practise is that we have stresses due to alternating current and 
some of the important features in connection with this phenom
enon are in connection with losses which occur in the insulating 
material. 

For some time I have had some experiments going on with a 
view to seeing if we could not determine beforehand when insula
tion was in condition to break down, before it actually broke 
down. All of our early work was based on breakdown values 
after the breakdown occurred, and I am very pleased to see that 
some recent work indicates the possibility of predicting very 
definitely when insulation is in a condition to break down, before 
it actually does break down, by a fairly simple measurement 
of power factor and losses. 

Mr. Peek's paper brings out a new method. It gives us a new 
rule. With each new instrument we enter a new field of investi
gation, and I am very sure that this paper marks the beginning 
of a very important era of work along these general lines. 

Chester L. Dawes: Mr. Peek has produced some very inter
esting and important results, but I should like to add to, or 
amplify some of the explanations which he presents. In Fig. 6 
which shows the spark over between concentric cylinders, 
the 60-cycle curve gives low values of voltage for small values of r; 
these values increase to a maximum with increase in r after which 
they decrease. That is, the greater thickness of air has a lower 
dielectric strength than the thinner layer until a certain ratio 
of R/r is reached. At first this does not seem reasonable, but 
the following explanation to me seems rational. The impressed 

g xlogio R/r voltage E = 
0.434 

where g is the gradient at which air breaks down, and x is the 
radius to the air where the gradient is g. This assumes that 
the corona has the effect of increasing the diameter of the con
ductor to x. If this assumption were correct the voltage E 
could be increased until x = — before spark over would occur. 
Therefore it would seem that the spark over voltage would be 
the same for all central conductors whose radius r < —. That is, 

- € 
the relation if plotted would be similar to the upper d-c. 
curve shown in Fig. 6. However the corona surrounding the 
central conductor is not the same as a metallic conductor of the 
same diameter for no corona would exist about the metallic 
conductor. The corona formation about the smaller wires is 
emitting ions that are projected into the outside layer of air 
which is supporting the stress. These ions produce others by 
collision, etc. and the outside layer of air breaks down at a much 
lower voltage than it would if the corona formation had acted 
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like a metallic conductor^ The smaller wires produce a larger 
number of these ions and a lower spark-over voltage results 
as shown in Fig. 6. I should like to ask if any reason can be 
given for the d-c. voltage following a different law than the a-c. 
in Fig. 6. 

As Mr. Peek states, solid insulation like cambric may behave 
quite differently when tested with d-c. than it does when tested 
with a-c. which partly is due to the fact that the insulation is 
composed of an infinite number of minute capacitances and 
conductances arranged in various series-parallel combinations. 
When a direct current is impressed across a piece of insulating 
material there is an initial rush of displacement current which 
drops off very rapidly at first and then more slowly until after some 
time it reaches an essentially constant value. This decay of 
current is almost logarithmic. It may be several minutes before 
the current reaches its constant value. The above phenomenon 
is often called "absorption." It is due to the minute condensers 
constituting the insulation, being charged through high resis
tances. Therefore the voltage distribution in the insulation 
will be materially different at the end of charge than it is at the 
beginning and with alternating current. At the end of charge 
the distribution is determined entirely by the conductance 
relations in the insulation and at the beginning of charge and 
also with alternating current the distribution of potential is de
termined almost entirely by the capacitance relations in the in
sulation. It would seem reasonable therefore to find the short 
time d-c. tests checking more closely than the a-c. tests. The 
fact that they do not, I should say was due to the fact that the 
period of two seconds or so was long enough for the direct-
current distribution of potential to assume very nearly the 
final steady state. 

The author shows that d-c. breakdowns are practically the 
same as the a-c. breakdowns when the insulation has a low 
resistance. Outside the question of the alignment of moisture 
particles, I believe that the explanation lies again in the manner 
in which the potential distributed itself through the insulation. 
When the resistance is low the a-c. distribution of potential is 
determined more by resistance than it is by capacitance, so the 
breakdown should be more nearly the same as it is with direct 
current. This is also true in transil oils. The best grades have 
a much lower insulation resistance than other well-known solid 
insulators. Also the oil molecules being mobile, can quickly 
arrange themselves to make the capacitance a maximum. 
Therefore little "absorption" can be found in oils. 

I should not recommend that direct current be used, for testing 
cables except perhaps in a few instances. I t might be applied 
to homogeneous single-conductor cables provided that sufficient 
allowance be made to account for unknown hysteresis effects 
and the foregoing factors. I believe that the heating is neg
ligible at ordinary frequencies. It would be out of the question 
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to test graded cables and the ordinary twin-conductor and 
multi-conductor cables with direct current, as the voltage dis
tribution throughout the various insulations when in service is 
determined by the capacitance relations whereas, in the d-c. 
testing it would be determined by conductance relations. 

Clayton H. Sharp: As I understand it, Mr. Peek advocates 
the use of continuous voltage for cable testing for the reason 
that under certain conditions the continuous voltage is more 
severe on the cable than the alternating voltage, whereas yester
day, he objected to the use of the high-frequency oscillatory 
voltage in testing transmission insulators for the same reason. 

John B. Taylor: Has comparison been made between the 
voltage as determined by the transformer ratio ; by electrostatic 
voltmeter; and by what, at first sight, would be the normal way 
to measure the high d-c. voltages,—plenty of resistance and stand
ard d-c. voltmeter? 

In work with extra high-voltage alternating current there has 
been much doubt as to the correctness of the values of high volt
ages, so it is surprising to see in a presentation of d-c. high-volt
age experiments the reliance which is placed on a-c. instruments, 
ratio of transformation and the electrostatic voltmeter. 

The Thury system of d-c. series high-volt age transmission of 
power has been referred to. Service experience in Europe ex
tending over a number of years has demonstrated the practica
bility of working underground cables and other insulators under 
continuous voltages higher than has been attempted with alterna
ting current. This advantage of the Thury system from the in
sulation standpoint has been well recognized and there are other 
advantages such as opportunity to save copper by using earth-
return circuit without inductive disturbances to telegraph and 
telephone lines. Lack of flexibility in distribution to many con
sumers unfortunately has interfered with more general introduc
tion of the system. Mr. Peek's curves in Figs. 12 and 13 indicate 
how much more a cable may be expected to stand under d-c. 
stress than a-c. stress. Similar tests should be made on com
pleted cable samples containing splices and for much longer time 
than the 1500 seconds. 

Continuous high voltages (higher even than the 150 kv. of 
the paper) have long been available from ' 'friction" and ' 'in
fluence" electrostatic machines. Large numbers of small storage 
cells have been connected up, and series of small d-c. generators 
have been assembled for experiments and testing at voltages at 
one time regarded extremely high. The complication of many 
small d-c. generators and the bulk, unreliability and small power 
output from .static machines possibly makes the use of a-c. gen
erators with step-up transformer and rectifying "kenetron" the 
most practicable high continuous d-c. experimental device. 

Cable failures occur principally at splices due to,—cracked 
insulation from bending and handling; damaged insulation from 
overheating (drying out, soldering, lead wiping, or hot compound) ; 
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insufficient insulation thickness or poorer grade at splice than in 
run of the cable; introduction of moisture ; presence of air cavi
ties (possibly, at reduced pressure resulting from contraction of 
compound on cooling.) 

These different weaknesses probably have different ratios for 
standing a-c. and d-c. stresses. Particularly an air space in the 
field between conductors might be expected as result of con
tinued thermal or chemical local action to fail more readily on 
a-c. stresses. Mr. Peek suggests testing cables with direct cur
rent of value equal to maximum of accepted a-c. testing values. 
His results in Figs. 12 and 13 would seem to call for a higher 
direct current than this. Perhaps twice the effective a-c. voltage 
would be comparable. 

F. W. Peek, Jr.: Referring to the questions of Dr. Whitehead 
and Mr. Taylor, the voltages were checked by means of a 
known liquid resistance in series with a milliammeter, and also 
by a known resistance in series with an oscillographic vibrator, 
across the high-voltage lines. 

Dr. Sharp misunderstood my remarks on "high frequency." 
I think my meaning will be clear when reference is made to the 
written discussion.1 I did not condemn high-frequency tests, 
as such, but gave an illustration to show how easy it is to mis
interpret the results of such tests. 

I have not advocated direct current for cable testing. I 
have simply pointed out that it looks very promising, for 
the following reasons: 

I. Air, oil and insulating liquids break down at d-c. voltages 
equal to the maximum a-c. voltages. 

II. Solid insulations containing moisture break down at 
approximately the same maximum voltages on alter
nating and direct current. 

III . Solid insulation, in good condition, require a direct-cur
rent voltage much higher than the maximum alternating-
current voltage to cause breakdown. 

It thus seems that most faults will be located equally well 
on a-c. or d-c, if a d-c. voltage equal to the maximum of the a-c. 
testing voltage is used. This follows because large cracks filled 
with air or oil will be broken down at the same maximum voltage 
on a-c. or d-c. (see I above) ; wet insulation will break down at 
approximately equal voltages on a-c. or d-c. (see II above) ; injury 
is much less likely to occur to solid insulation in good condition 
on d-c. (see III above). 

Although the laboratory tests indicate very promising results, 
I believe it important that practical experience be gained in 
the field, before recommendations are made for extensive or 
general use of this form of testing. Naturally, the principal use 
of the d-c. test would be in the field where a portable set is nec
essary. All cables should be given the a-c. test in the factory. 

1. Discussion of papers of Messrs, Creighton and Marvin, Cleveland, 
June 27, 1916. 
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When the fault occurs in the cable it is often desirable to 
burn it out to low resistance so that its position can later be 
located by a bridge. Our laboratory tests indicate that this can 
be done with the d-c- testing set. The time required to burn out 
a fault in this way depends upon the condition of the sheath. 
If the sheath has been broken open a greater time will be required 
than if the sheath is intact. The time will vary from 1 to 5 
minutes. 

In making the d-c. corona tests we found, as a rule, that the 
visual corona point was quite sharp and definite when the wire 
was positive. When the wire was negative, however, it was 
often quite difficult to determine this point definitely. The 
slightest surface irregularities cause the negative corona to 
brush at fairly low voltage. It is quite possible that the negative 
corona voltage is a few per cent higher than the positive corona 
voltage, the exact difference, however, if there is any, will 
depend to a considerable extent, upon the observer and what is 
defined as the critical point. 

L. T. Robinson: I think one of the greatest advantages in 
cable testing by direct current is that you can get along without 
an undue amount of apparatus—you are required to furnish 
only the energy for testing the cable and not a big charging cur
rent, and therefore you do not need a big 50-kw. transformer 
to test, a small cable, but maybe a 3 or 5-kw. transformer, 
which is a great advantage. There is not so much to lug 
around. 

F. W. Peek, Jr.: I wish to say, as a matter of interest, that 
it may require from 1000 to 2000 kv-a. to test long lengths of 
cable on alternating current whereas similar tests may be made 
on direct current with from 3 to 5 kv-a. That is one of the 
reasons why d-c. testing suggests itself, and why, I believe, it 
is worth trying out in practise. It will often be a question of 
a d-c. test or no test at all, and not which is best. 


